Despite an abundance of evidence on the morbidity and mortality associated with all-terrain vehicle (ATV) accidents, use of ATVs continues to increase, with corresponding increases in the frequency of associated injury and death. Children and adolescents account for a disproportionately large percentage of injuries. However, the number of accidents involving persons aged >50 years is increasing, as well. Legislative and educational initiatives have been unsuccessful in substantially reducing the number of ATV-related injuries and deaths. Because musculoskeletal injury is commonly associated with ATV accidents, orthopaedic surgeons have the opportunity to play a pivotal role in the prevention and management of ATV-related injury and death.
S
ince the introduction of allterrain vehicles (ATVs) in the United States in the 1970s, their use and the number of associated injuries have risen exponentially. For the year 2007, there were >9.5 million vehicles in use and >150,000 ATVrelated injuries in the United States alone. 1 The rapid rise in ATV-related injuries is multifactorial and is related to increased use of ATVs and the production of larger, faster, and more powerful vehicles. Young riders, including children, suffer a disproportionate amount of ATVrelated morbidity and mortality. ATV accidents are associated with a high rate of musculoskeletal injuries, and orthopaedic surgeons frequently care for the injured. Increased awareness of ATV-specific patterns of injury is needed for appropriate diagnosis and management of these often life-threatening injuries. The orthopaedic surgeon has an essential role in the education of patients, families, and communities regarding the dangers of ATV use.
History of All-terrain Vehicles
The ATV was developed in Japan in the 1960s as a three-wheeled farm transport vehicle. At the time of its introduction in the United States in the early 1970s, a typical ATV had a 7-horsepower, 89-cc engine and weighed between approximately 160 and 200 lb. 2 Some modern vehicles have engines of >600 cc and 50 horsepower, weigh >400 lb, and reach top speeds >100 mph (eg, Sand-X, Sand-X Motors, Dubai, United Arab Emirates; Grizzly 700 FI, Yamaha Motor Corporation USA, Cypress, CA). [3] [4] [5] Because of the dramatic injury rate observed with three-wheeled vehicles, in 1988 the US Consumer Product Safety Commission (CPSC) imposed a 10-year ban on the sale of three-wheeled vehicles, which were deemed an "imminently dangerous product." 6 During the ban, the modern four-wheeled vehicle was further developed. When the ban on three-wheeled vehicles expired in 1998, it became a voluntary nonenforcable agreement that limited the sale of adult-sized vehicles to children and increased the number of rider safety awareness and education programs. Since the ban was lifted, production of vehicles with larger engines has increased dramatically, and there has been a corresponding increase in ATV injuries in all age groups, especially in riders aged 12 to 44 years. 7 Modern ATVs are classified as sport vehicles, which are typically lightweight two-wheel drive vehicles that accelerate quickly, and utility vehicles, which are larger four-wheel-drive vehicles designed for off-road use. A wide variety of smaller vehicles is designed for and marketed to children as entry vehicles into the ATV market. Recently, however, the availability of these smaller, slower ATVs has been limited by the passage of the Consumer Product Safety Improvement Act, which was intended to ban lead from products designed for children aged ≤12 years. 8 As a consequence, these smaller ATVs have been labeled "banned hazardous substances" because of their minimal lead content. The CPSC has acknowledged that the ban on youth ATVs creates a compelling safety issue because it may result in children aged <12 years riding larger, more powerful adult-size vehicles.
Epidemiology of Injury
White men aged 18 through 30 years who live in rural areas are the most frequently injured in ATV-related accidents; approximately 80% are the driver rather than a passenger. 3, 7, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Although ATVs frequently are used for work-related activities, especially farming, most reports indicate that more ATV injuries occur during recreational activities than work-related activities. 20, 21 Although only approximately 15% of ATV riders are children, they account for 27% of ATV-related injuries and 28% of ATV-related deaths, with some studies reporting even higher percentages in patients aged <16 years (≤44%). 7, 12, 18, 19 These rates may be due in part to the small body size of a pediatric rider in relation to the size of the machine. Mismatch between the size of the rider and the machine may make it more difficult for younger riders to counter the inertia of an ATV as it begins to roll or tip over. Another factor may be the increased risk-taking behavior of children compared with that of older riders. An increasing number of persons aged >50 years are involved in ATV accidents. [22] [23] [24] [25] One possible explanation is the presence of an aging population that is healthy, active, and prone to continue recreational activities such as bicycling and ATV riding well past retirement age. 22 However, there are no specific data to verify that the number of older riders is increasing. Although older riders are less likely to be injured than younger riders, older riders have more frequent and more severe thoracic injuries than do younger riders, with longer hospital stays and more complications. Older persons also have worse functional outcomes. Helmkamp and Carter 22 noted a 155% increase in ATV-related deaths in persons aged ≥65 years, from 11% for years 1985 through 1998 to 28% for years 1999 through 2007. Factors that contribute to ATV accidents in riders aged ≥65 years include age-related changes in physical reserve and sensory limitation as well as pre-existing medical conditions and related medication use.
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Increasing Injury and Fatality Rates
The CPSC collects data on ATV- The annual estimated risk of ATVrelated death is approximately 1 per 10,000 four-wheeled ATVs in use. 1 The CPSC also collects data on ATV-related injury. There were 10,100 reported ATV-related injuries in 1982; this number increased to 58,200 by 1992 and to >150,000 by 2007. 26 Improved data collection contributed to the exponential increase in reported injuries. In 2007, 27% of injuries were in children aged <16 years. In that same year, the annual estimated risk of ATVrelated injury was 154 per 10,000 four-wheel ATVs in use. 1, 26 It is likely that the actual ATV-related injury rate is higher given that many patients with isolated injuries either may not seek medical care or may be seen in a private office or clinic and are not included in a national or trauma center database.
It is difficult to compare the risk of injury from an ATV accident with the risk of injury from a bicycle, motorcycle, or automobile accident because of the many reporting agencies and differences in data collection and reporting. In 2000 through 2005, an average of 694 adults and 174 children died each year from ATV accidents, compared with 666 adults and 155 children who died as a result of bicycle accidents. 27 ATV riders were found to be slightly older than bicyclists 28 and to have more frequent head injuries than do motorcyclists.
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Risk Factors
Risk factors for ATV-related death and injury include male sex, age <18 years, white race, rural residence, high school education or less, driver inexperience, intoxication, and possession of private insurance. 3, 16, 30, 31 Epidemiologic studies have shown West Virginia to be the state with the highest risk of ATV mortality (6.3 deaths per 1 million person-years) and have shown that the mortality rate of a given state is related to the rate of ATV use and the characteristics of the rider pool (eg, young, male, white, rural residence). 3 Inexperienced riders and those who use ATVs primarily for recreation are at higher risk of injury than experienced riders who use ATVs for work. 16 Vehicle factors such as threewheel design and large engine significantly increase the risk of injury. Rodgers and Adler 16 estimated that a 1% increase in driving experience results in a 0.4% reduction in risk, whereas a 1% increase in engine size increases the estimated risk by 0.9%.
The exact role of drug and alcohol intoxication is unclear, but intoxication likely is a contributing factor in many of these injuries. 18, 32, 33 Alcohol was present in 50% of ATV-related deaths in one series. 33 In most of those instances, the blood alcohol level was above the legal limit of most states (0.08%). Illegal drugs were detected in the toxicology screen in 21% of all decedents. Many different drugs have been detected in ATV-injured patients, but marijuana was the most frequently found drug in this series (11%).
Economic Impact
The economic burden of ATV injury is large. The average emergency department and hospital charges per patient involved in ATV-related trauma are estimated to be $19,671. 13 Approximately 20% of ATV-related emergency department visits and hospital admissions are paid by public funds. 29, 34, 35 In 2003, ATV-related deaths and associated economic costs accounted for $2.5 billion. 34 The average age of ATVrelated mortality is 28 years, which represents 43.2 years of productive life lost. 29, 34, 35 ATV-related morbidity and mortality is a significant public health concern.
Mechanism of Injury
Often, the exact mechanism of injury is difficult to determine because many patients are unable to remember the details of their accidents as a result of closed head injury, intoxication, or young age. No study has focused specifically on mechanisms of injury; however, several studies have reported that vehicle rollover is the most common mechanism, followed by collision with a stationary object or other vehicle. 11,33,36,37 Brandenburg et al 11 found that although rollover was more common than collision (63% versus 40%, respectively), children were significantly more likely than adults to be involved in collisions (51% and 32%, respectively; χ 2 = 5.8, P = 0.016). The direction of the rollover was associated with the type of terrain or slope and the age of the driver. Travel on flat or uneven surfaces was more likely to be associated with a right-sided rollover (toward the driver), and traveling uphill was more likely to result in a backward rollover. Children had a significantly higher risk of right-sided rollover on flat and uneven surfaces than did adults (odds ratio = 4.7, 95% confidence interval = 1.2 to 17.5). This difference may be due in part to a child's inability to maneuver an ATV. Low body mass index and/or strength in addition to lack of experience may result in a vehicle-driver mismatch. Children are often unable to correct or prevent a rollover once it has begun. Vehicle-related factors such as increased weight and power contribute to this mismatch, as well. Decreased maturity and judgment, decreased muscular coordination and depth perception, especially in younger riders, and intoxication may contribute to the high rate of rollover accidents.
Rollover is the most common mechanism of injury, which may help explain why many patients involved in ATV accidents have lower extremity fractures; the leg is often pinned beneath the vehicle. [38] [39] [40] This mechanism also explains why many ATV-injured patients sustain multiple injuries, including crush injuries to the chest and abdomen. Other injuries unique to ATV accidents include partial or complete foot amputation (Figure 1) , usually secondary to catching the foot in the chain, 40, 41 and clothesline injuries to the head and neck that occur when the rider strikes a clothesline or fence. 42 Graham et al 42 reported clothesline injury in seven ATV riders with a mean age of 8 years. Five required surgery, and all had residual disfigurement.
Musculoskeletal Injury
Musculoskeletal injuries are common, and they are frequently associated with head, chest, and abdominal injury. In one series of children and adolescents with ATV injury, >40% had multisystem injuries. 36 Awareness of associated injuries is critical because many of these injuries are potentially life-threatening. Orthopaedic injuries are the most common reported injuries in ATV accidents (37% to 63%), followed by head/facial trauma and thoracoabdominal trauma. 1, 13, 31, 38, [43] [44] [45] In their review of all ATV-related hospitalizations in the United States between 2000 and 2004, Helmkamp et al 13 found that lower extremity fractures were the most common injury, followed by "other" fractures and intracranial injuries (22%, 15%, and 14%, respectively). In a similar review of data from 2001 through 2003, Shults et al 31 found that fractures were the most common reason for emergency department visits and hospital admissions in ATV-injured riders (27% and 45%, respectively).
Lower extremity fractures are the most common injuries in adults and children involved in ATV accidents. 38, 39, [43] [44] [45] In children, the femur is the most commonly fractured bone in the lower extremity. Other common lower extremity injuries include tibial fracture, hip dislocation, and partial foot amputation. This frequency of lower extremity fractures is different from the usual pediatric fracture distribution, in which upper extremity fractures are more frequent. Children aged <13 years tend to have isolated femoral fractures. 39 Children aged ≥13 years tend to have more severe injuries and are more likely to have multiple fractures; persons in this age group also have a higher frequency of pelvic fracture. 43 Fractures about the elbow are the most common upper extremity fractures, and they are often severe. 43, 44 Kirkpatrick et al 43 reported that all of the open upper extremity fractures in their series occurred at the elbow. All of these injuries were associated with ATV rollover and lack of safety equipment.
Spinal fractures are more frequent in adults than in children. 46 Although spinal fractures account for only 4% to 5% of fractures that occur in ATV accidents, they can lead to significant morbidity. [38] [39] [40] 43 Thoracolumbar fractures are the most common spinal fractures, and most of them are axial compression or burst fractures. The vertebral body and transverse processes are typically involved in thoracolumbar spine fractures. The posterior elements are the most common site of cervical spine fractures. Three of the 21 spinal fractures reported by Shah et al 40 were associated with spinal cord injury. Two additional patients had spinal cord injury without radiographic abnormalities. Partial foot amputation is a unique injury associated with pediatric ATV accidents. Shah et al 40 reported 12 amputations in 512 patients, 9 of which were partial foot amputations that occurred when the foot was caught in the exposed chain of the ATV. Smaller ATVs intended for use by younger riders are more likely to have an exposed chain than are the larger, heavy-duty ATVs, which may explain how this injury occurs. A child who is riding as a passenger on an ATV without adequate footrests or chain guards is at particular risk of partial foot amputation (Figure 1 ).
Associated Injuries
After musculoskeletal injuries, head injuries are the most common injuries sustained in ATV accidents. In some studies, head and neck injuries outnumber musculoskeletal injuries. 7, 11, 17, 36 Shah et al 40 found calvarial skull fractures to be the most common head injury and determined that the presence of a skull fracture markedly increased the chance of epidural or subdural hematoma and brain injury. Closed head injuries were predictive of long-term disability and death. Head injury is the leading cause of death in ATVinjured riders. 36, 43 The frequency of head injury is associated with lack of helmet use. 7, 44, 45 It has been estimated that helmet use could reduce the risk of head injury by 64% and the risk of death by 42%. 45 Closed head injuries are associated with injuries to the face, most commonly contusions, lacerations, and abrasions. 36 OphClinical photograph (A) and intraoperative AP fluoroscopic image (B) of a 2-year-old boy with a history of factor VIII deficiency who was riding an allterrain vehicle with his mother when his foot was caught in the chain, amputating the first through fourth toes.
Figure 1
Orthopaedic Aspects of All-terrain Vehicle-related Injury thalmic injuries include orbital wall fractures and ruptured globes, with the possibility of permanent vision loss. 36 Injuries to the trunk are the third most common injuries associated with ATV accidents; most of these are to the lungs (eg, contusions, pneumothoraces) and liver (primarily lacerations). 17, [36] [37] [38] 44 Bhutta et al 38 found lung contusions to be significantly associated with long-term disability or death (P < 0.001). Other solid organ injury (ie, spleen, kidney, pancreas, bowel) is not uncommon.
In one study, 48% of patients had multiple solid-organ injuries. 40 In the series by Bhutta et al, 38 all patients with a renal injury had a liver injury as well.
Injury Prevention Strategies
The medical community has played a substantial role in promoting safer ATV practices and more effective legislation and education. The American Academy of Pediatrics, the American College of Surgeons, and the American Academy of Orthopaedic Surgeons (AAOS) have released position statements on ATV-related injuries. The AAOS has included ATV-injury awareness in its print and radio public service announcements since 2007 (Figure 2 ). Recommendations include licensing ATV operators, barring the use of ATVs by persons aged <16 years, upgrading safety equipment to include automatic headlights and seatbelts on four-wheeled ATVs, requiring personal safety equipment such as protective clothing and helmets, governing ATV speed, allowing only one person per vehicle, limiting use to off-road in daylight hours with good visibility, and prohibiting alcohol consumption before and during ATV operation ( Table 1) . Many of these recommendations have been incorporated into local and state laws governing the ownership and operation of ATVs.
All 50 states have ATV-related legislation, which varies with regard to requirements and restrictions on ATV operation. 48 Thirty-one states require helmet use, and 28 have minimum operator age requirements. 49 However, current legislation may be limited in its ability to prevent ATVrelated death and injury. For example, West Virginia had one of the highest rates of ATV-related death in the 1990s; as a result, legislation was enacted in 2004 prohibiting ATV operation on paved roads, requiring helmet use, and requiring training for ATV riders aged <18 years. 12 In the 2 years following passage of the legislation, the rate of ATV-related death in West Virginia rose from 0.72 per 100,000 to 1.32 per 100,000. 3, 12 Other studies have reached similar conclusions regarding the relative ineffectiveness of legislation in preventing ATV-related death and injury. 7, 10, 13, 14, 17 This is likely due in part to inadequate consumer education and ineffective law enforcement. In most states, parents can be held liable for nonsupervision, especially when a minor child is injured, and parents may be charged with child neglect or child endanger- Table 1 American Academy of Orthopaedic Surgeons Recommendations for Allterrain Vehicle Safety 47 Owners should be licensed on the basis of competence in vehicle use and safety hazards. The minimum recommended age for operation is 12 years. ATVs ≥90 cc in size should not be operated by persons aged <16 years. Operators should be required to wear safety equipment, including helmets. ATVs should be used only during daylight hours. Only one person at a time should ride an ATV. An ATV should not be operated while the driver is under the influence of drugs or alcohol.
ment. However, these charges seldom are pursued by the court system. The orthopaedic surgeon can play a pivotal role in the prevention and management of ATV-related injury and death. ATV use is common in multiple members of families of ATV-injured patients, and recurrent ATV-related injuries in the same patient are not uncommon. Thus, orthopaedic surgeons should educate patients and their families about the dangers of ATVs and encourage safer ATV practices. A study by Brown et al 28 highlights the need for continued educational efforts. In their follow-up study of ATV-injured children, 60% returned to riding after injury, and the preinjury rate of helmet use remained unchanged, at 54%. In one survey, adults who had sustained a motorcycle or ATV injury were found to be less likely to use helmets than were persons without a previous injury (56% and 77%, respectively). 50 The orthopaedic surgeon should become familiar with local and state legislation on ATVs and educate family members and patients on these regulations. Orthopaedic surgeons can help form public policy through contact with local and state legislators.
Summary
ATV-related accidents are a source of significant morbidity and mortality in adults and in children in particular. Attempts to legislate ATV safety have met with limited success. Increasing public awareness of the dangers of ATV use is essential to reducing the number of ATV-related accidents. Because orthopaedic surgeons treat many of the patients injured in ATV accidents, they have an opportunity to educate patients, families, and communities on the importance of ATV safety.
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